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In this work, the cloud point extraction (CPE) was carried out for the removal of crystal violet dye from
aqueous solution using triton X-114 surfactant. Density, refractive index and viscosity of pure compo-
nents and two different phases of the mixture were measured, and the corresponding excess molar
volume was calculated. Most of the dye molecules get solubilized in the coacervate phase, leaving a dye
free dilute phase. This experiment was conducted for different sets of surfactant and solute concentration
in order to ﬁnd out the cloud point temperature and their inﬂuencing factors such as extraction efﬁ-
ciency, phase volume ratio, distribution coefﬁcient and pre-concentration factor. Furthermore, the
thermodynamic parameters like change in Gibbs-free energy (DG0), the change in enthalpy (DH0) and the
change in entropy (DS0)were analyzed and found that cloud point extraction with surfactant was a more
feasible process in the removal of dyes from aqueous solution.
Copyright  2014, Karabuk University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Waste water is one of the major problems facing the dyestuff
manufacturing, textile, dying, printing and other related in-
dustries [1]. These industries generate large quantities of organic
pollutants and toxic substances, which cause not only the envi-
ronmental problems, but also health issues and traverse through
the entire food cycle, leading to biomagniﬁcation. The Dyes in
waste water have carcinogenic, mutagenic and allergenic proper-
ties [2]. It is estimated that more than 100,000 synthetic dyes are
available in the world and almost 7  105 tons produced annually
[3,4]. Usually, the dyes are classiﬁed in two ways: natural and
synthetic dyes. Natural dyes are derived from plant sources such
as roots, berries, bark, leaves, wood, fungi and lichens. Synthetic
dyes are aromatic compounds produced by chemical synthesis,
and having into their structure aromatic rings that contain a
hetero atom with a lone pair of electrons and also different
functional groups. The synthetic dyes are further classiﬁed into
eight categories, namely, acid, basic, direct, mordant, vat, reactive,
disperse and Azoic dyes.: þ60 3 7967 5319.
acidananth21@gmail.com
ity.
duction and hosting by Elsevier BDye color strongly depends on the chromogeneechromophore
structure (electron acceptors) and dyeing capacity depend on aux-
ochrome groups (electron donor). The chromogene is made up of
aromatic ring structure with hetero atoms (i.e. Oxygen, nitrogen,
etc.,). This hetero atom has a lone pair of electrons, which is not
delocalized around their aromatic ring structure. A chromophore is a
radical conﬁgurationwhich consists of double conjugated linkswith
delocalized electrons. The chromophore conﬁgurations are: azo
group (eN]Ne), ethylene group (]C]C]C]), methane group (e
CH]), carbonyl group (]C]O), carbonenitrogen (]C]NH;eCH]
Ne), carbonesulfur (]C]S; ^CeSeSeC^), nitro (eNO2; eNOe
OH), and nitrozo groups (eN]O;]NeOH). The auxochrome group
is more ionizable, in order to increase the bonding afﬁnity and ca-
pacity. Some common auxochrome groups are: amino (eNH2),
carboxyl (eCOOH), sulphonate (eSO3H) and hydroxyl (eOH) [5].
Based on electron charges, the dyes can be divided into three
categories: anionic, nonionic and cationic dyes. Anionic dyes are
negatively charged, which indicates that it has more electrons than
protons whereas cationic dyes are positively charged due to more
protons than electrons. But the nonionic dyes are neutrally charged
due to the equal number of protons and electrons. The major
anionic dyes are direct, acid and reactive dyes and the major
cationic dyes are basic; anthraquinone, disperse, crystal violet dyes,
etc [6]. There are no environmental problems due to the presence of
nonionic dyes in water resources and waste water, but the most.V. All rights reserved.
Fig. 1. Chemical structure of crystal violet dye.
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dyes. Cationic dyes are a more toxic, carcinogenic and mutagenic
than anionic dyes due to their synthetic origin and aromatic ring
structure with delocalized electrons [7]. The removal of ionic dyes
from waste water has become an environmental challenge. Until
now, the conventional methods, including physicalechemical and
biological method have been used, but this conventional method is
not effective against all types of ionic dyes due to their low reac-
tivity, low bio degradability, high thermal, chemical and photolytic
stability. Moreover, the process efﬁciency depends upon the
structure and charges on the dye molecules. Furthermore, for the
development of a new method, it is necessary to know the prop-
erties of solutions, mixing behavior, intermolecular interaction and
thermodynamic limits of the mixing components.
The aim of this work is to investigate the physical properties,
including density, refractive index and viscosity for the dilute phase
as well as coacervate phase obtained after cloud point extraction of
crystal violet dyes using TX-114 at 318.15 K. Triton X-114 was cho-
sen because of its commercial availability and the low cloud point
[8]. The physical properties of dilute phase are similar to that of
water. Further, the excess molar volume was calculated from the
experimental data. Furthermore, the effect of solute and surfactant
concentration and operating temperature on various design pa-
rameters such as a phase volume ratio, pre concentration factor,
distribution coefﬁcient and efﬁciency of removal have been studied
and the thermodynamic parameters, namely, the change in
enthalpy; the change in entropy and Gibbs-free energy was also
investigated.2. Experimental
2.1. Materials
Triton X-114, purchased from Sigma Life Sciences, India, is used
as a nonionic surfactant. It is a high purity and water-soluble liquid.
Triton X-114 (Octyl phenol polyethylene glycol ether)) contains
approximately 8 - 9 ethoxy units per molecule (density at 298.15 K
is 1.058 g ml1, Mol. Wt.: 537, lmax: 223 nm) (Table 1), and is
abbreviated as TX-114. The critical micellar concentration (CMC) of
TX-114 is 2.1  104 M at 298.15 K and cloud point temperature is
297.15 K. Crystal violet (Mol. Wt: 497.979, density: 1.198 g ml1,
lmax: 590 nm) purchased from Sigma Life Sciences, India, is used as
a solute. The chemical structure of the crystal violet dye is given in
Fig. 1.
JASCO UV spectrophotometer was used for calibration and
measuring the dye concentration in dilute phase after phase sep-
aration. Density was determined by the difference in speciﬁc
gravity of each phase and that of water, using the speciﬁc gravity
bottle and weighing balance. The uncertainty of the measured
density was checked by distilled water. The measured results gaveTable 1
Physical properties of dilute phase at 318 K.
TX-114
(M)
Density
(g cm3)
Refractive
index
Viscosity
(mPa s)
Excess molar volume
(cm3 mol1)
0.01 1.003 1.332 1.00 0.038
0.02 1.002 1.332 0.88 0.028
0.03 1.002 1.332 0.82 0.025
0.04 1.001 1.332 0.82 0.021
0.05 1.001 1.332 0.82 0.021
0.06 1.001 1.332 0.82 0.018
0.07 1.001 1.332 0.82 0.015
0.08 1.000 1.332 0.82 0.012
0.09 1.000 1.332 0.82 0.009
0.10 0.996 1.332 0.82 0.006(0.001) with the actual values. BROOKFIELD DV-II þ PRO
Viscometer were used tomeasure the viscosity of the solutions. The
uncertainty in the viscosity measurements was found to be 1.0%.
Refractive indexes of the two phases were measured in Abbe
Refractometer purchased from Guru Nanak instruments, New
Delhi. Refractive index was precise to 0.0002. Water bath, pur-
chased from TECHNICO Laboratory Products, Chennai, was used for
maintaining the temperature for cloud point extraction. The tem-
perature ﬂuctuation was noted to within 1 C.2.2. Methods
2.2.1. Cloud point temperature
The crystal violet dyes solution was prepared for 25 ppm,
50 ppm and 75 ppm concentrations, and TX-114 concentration was
varied from 0.01 M to 0.1 M. 10 ml of a micellar solution containing
crystal violet dye, and TX-114 were taken. The cloud point of
aqueous surfactant solution was determined by heating 10 ml of
such micellar solution in glass tubes. For heating the solution, a
thermostatic bath is used. The rate of the temperature increase in
the water bath was set at one K per minutes. The cloud point was
determined by visual observation of the temperature at which the
solution became obvious turbid. The solution was heated to the
cloud point temperature, and two separate phases were observed.
On cooling, the solution became transparent. All the cloud points
reported in this work were the average of at least triplicate mea-
surements, and the variation of error is not more than 1 K.2.2.2. Cloud point extraction
50ml of a micellar solution containing crystal violet dye and TX-
114were taken. For different concentrations of crystal violet such as
25, 50 and 75 ppm, the concentration of surfactant varied from
0.01 M to 0.1 M. CPE was carried out in different operating tem-
perature that is 303 K, 313 K, 323 K and 333 K. Each set of samples
was kept in the thermostatic bath maintained at operating tem-
peratures for 30 min. Since the surfactant density is 1.058 g ml1,
the surfactant-rich phase can settle through the aqueous phase. The
heated solution was allowed to settle completely for one day,
resulting in phase separation. The volumes of surfactant rich phase
and dilute phase were noted down. Then the concentration of
crystal violet in dilute phase has been determined by UV-
Spectrophotometer. The concentration of surfactant rich phase
was obtained frommaterial balance calculations. The phase volume
ratio, pre concentration factor, distribution coefﬁcient and extrac-
tion efﬁciency were afterward determined. Subsequently, the
density, refractive index and viscosity of each phase were
A. Appusamy et al. / Engineering Science and Technology, an International Journal 17 (2014) 137e144 139measured. From these data, excess molar volume is also calculated
as follows:
VEm ¼
Xn
i¼1
xiMi
rmix

Xn
i¼1
xiMi
ri
(1)
where x represents the mole fraction, M represents the molecular
weight, r is the density and i stands for the pure components. The
experiments were repeated for different combinations of surfactant
and solute concentrations and operating temperature. The ther-
modynamic properties such as change in enthalpy, entropy and
Gibb’s free energy were also determined.
3. Results and discussion
3.1. Effect of surfactant concentration on density
The effect of TX-114 on the density of dilute phase as well as
coacervate phase (i.e., surfactant rich phase) are given in Tables 1
and 2. The density of the dilute phase (i.e., aqueous phase) de-
creases with the surfactant concentration whereas it increases for
coacervate phase. The dilute phase obtained after cloud point
extraction is almost colorless. The density of the diluted phase is in
the range of 0.996e1.003 g cm3. It is similar to that of water, i.e.
1 g cm3 (Table 1). Thus, It is clear that most of the solute particles
(i.e. Crystal Violet) from the mixture (i.e. Crystal Violet þ triton X
114) are extracted with high efﬁciency and it is as clear as water.
The density values monotonically decrease when the proportion of
water increases [9]. When compared with the available surfactant
and dye molecules in the dilute phase, the water content increases
with the total surfactant concentration in the feed. Thewater phase
volume in the diluted phase increases with surfactant concentra-
tion. This is because of solubilization of dye in the surfactantmicelle
at a higher temperature than the cloud point [10,11] and the
settling of all the solute molecules along with the surfactant in the
coacervate phase which leaves all the water molecules in the dilute
phase. Hence the density of the dilute phase decreases due to the
increased water content in the mixture.
The density values start from 0.04 M concentration of TX-114
(Table 2) due to the unavailability of enough volume of coacer-
vate phase. The density of surfactant rich phase increases with
surfactant concentration at a particular operating temperature. This
can be due to the dehydration process that occurs in the external
layer of micelles at a higher temperature. The higher operating
temperature leads to an aggregation number of micelles thereby
the extent of solubilization of dyes [12]. As the surfactant concen-
tration increases, the micelles solubilize all the solute molecules
and then settle in the coacervate phase. The water phase volume in
the coacervate phase decreases due to the dehydration. So the
density of the coacervate phase increases with surfactantTable 2
Physical properties of coacervate phase at 318 K.
TX-114
(M)
Density
(g cm3)
Refractive
index
Viscosity
(mPa s)
Excess molar
volume (cm3 mol1)
0.01 e e e 0.022
0.02 e 1.358 e 0.007
0.03 e 1.359 e 0.013
0.04 1.0142 1.360 e 0.031
0.05 1.0147 1.363 e 0.034
0.06 1.0164 1.364 140 0.043
0.07 1.0166 1.365 147 0.050
0.08 1.0167 1.367 152 0.064
0.09 1.0169 1.368 154 0.101
0.10 1.0175 1.369 158 0.111concentration because of the dehydration and increased solubility.
Hence, the density of aqueous phase decreases with surfactant
concentration, whereas it increases in the coacervate phase due to
the variation in water phase volume.
3.2. Effect of surfactant concentration on refractive index
The refractive index n of a substance (optical medium) is a
dimensionless number that describes how light, or any other ra-
diation, propagates through that medium. The refractive index of
dilute phase at all concentrations of surfactant was measured, and
it was found to be 1.332 (Table 1). The refractive index of water is
also 1.332, which means that the dilute phase obtained after cloud
point extraction is same as water. The LorentzeLorenz’s relation
reveals that the refractive index in general depends uponmolecular
weight and molecular polarizability as well as mass density.
Refractive index and mass density generally increasing together
suggests that the effect of the mass density of refractive index is
dominant. In this work also, refractive index varies in a similar
pattern as that of density in the coacervate phase. Table 1 and
Table 2 shows the effect of surfactant concentration on the refrac-
tive index of the aqueous and the coacervate phase at 318.15 K. Due
to the increase in solute concentration and density, the speed of
light through the mediumwill decrease which in turn increases the
refractive index of the medium. Hence the refractive index of the
surfactant rich phase increases in the concentration of TX-114 and
that of the dilute phase is constant and same as that of water.
3.3. Effect of surfactant concentration on viscosity
Viscosity is a measure of the resistance of a ﬂuid which is being
deformed by either shear stress or tensile stress. In everyday terms
for ﬂuids, viscosity is the thickness or internal friction or resistance
to ﬂow. Viscosity of dilute phase is in the range of 0.82e1 mPa s
(Table 1). The viscosity of water is also in the same range, which
indicates that the dilute phase has properties as that of water. At
higher concentrations of surfactant, viscosity remains constant in
the dilute phase. This is due to the accumulation of most of the
surfactant molecules in the coacervate phase, leaving only CMC in
the dilute phase [13]. At 0.01 and 0.02 M concentrations of TX-114,
the amount of surfactant is not enough for the solubilization of
25 ppm of crystal violet dye and hence the phase separation is not
clear and complete. So, most of the solvent molecules are present in
the dilute phase resulting in an increased viscosity at very low
concentration of TX-114. The viscosity of coacervate phase starts
from0.06M TX-114 due to the insufﬁcient volume of surfactant rich
phase at lower concentrations. Table 2 shows the effect of surfac-
tant concentration on the viscosity of the coacervate phase at
318.15 K. At particular operating temperature, the viscosity of the
surfactant rich phase increases with TX-114. The increase in the
viscosity may be due to the decreased water phase volume [14] and
increased surfactant phase volume in coacervate phase at higher
TX-114 concentrations (Table 2). As the concentration of surfactant
increases the ﬂuid mixture becomes more and more thick or
viscous. Hence, the viscosity of the coacervated phase increases
with surfactant concentration, whereas the viscosity of dilute phase
decreases initially and becomes constant over the concentration of
TX-114 increases.
3.4. Effect of surfactant concentration on excess molar volume
Excess molar volume, VmE is the difference in molar volume for
the mixture and the pure components. Excess molar volume was
calculated from experimental density data for all 10 systems
(Tables 1 and 2). The excess molar volume decreases with
Table 3
Variation in phase volume ratio and pre concentration factor with surfactant con-
centrations and operating temperatures at a solute concentration of 25 ppm.
TX-114
(M)
Phase volume ratio Pre concentration factor
303 K 313 K 323 K 333 K 303 K 313 K 323 K 333 K
0.01 0 0 0 0 e e e e
0.02 0.055 0.047 0.039 0.031 25 26.315 27.778 29.416
0.03 0.111 0.092 0.092 0.068 10 11.905 13.765 15.625
0.04 0.157 0.139 0.121 0.087 7.353 9.434 11.012 12.500
0.05 0.177 0.152 0.136 0.119 6.667 7.499 8.333 9.500
0.06 0.232 0.175 0.157 0.142 5.319 7 7.353 8.065
0.07 0.309 0.225 0.192 0.152 4.237 6.100 7.123 7.576
0.08 0.329 0.246 0.217 0.163 4.032 5.429 6.000 7.143
0.09 0.397 0.279 0.237 0.191 3.521 4.8 5.568 6.250
0.10 0.437 0.289 0.255 0.208 3.289 4.2 4.808 5.814
Table 4
Variation in phase volume ratio and pre concentration factor with solute and sur-
factant concentrations at an operating temperature of 303 K.
TX-114
(M)
Phase volume ratio Pre concentration factor
25 ppm 50 ppm 75 ppm 25 ppm 50 ppm 75 ppm
0.01 0 0 0 e e e
0.02 0.055 0 0 25 e e
0.03 0.1115 0.185 0.267 10 6.410 4.762
0.04 0.1575 0.226 0.279 7.353 5.435 4.587
0.05 0.177 0.279 0.309 6.667 4.587 4.237
0.06 0.232 0.341 0.399 5.319 3.937 3.655
0.07 0.309 0.401 0.421 4.237 3.497 3.278
0.08 0.329 0.437 0.475 4.032 3.289 2.999
0.09 0.397 0.539 0.558 3.521 2.857 2.685
0.10 0.437 0.678 0.723 3.289 2.475 2.140
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temperature for both the phases. The excess molar volume gives
information over the net destruction of interactions and packing
phenomena that appears in the mixing process. Surfactant con-
centration has more effect on VmE than temperature. The positive
values and the decrease in VmE with surfactant concentration in the
dilute phase are due to the least number of molecules, which are
incapable of interacting. A positive deviation occurs when the
concentration of solvent is insufﬁcient to cause volume contraction
in mixture [15] and when the interaction between solute and sol-
vent is less [16]. It may also be due to the stronger association be-
tween similar molecules than between dissimilar molecules [17]. In
this case, the interaction between water molecules is more due to
the unavailability of solute and surfactant in the dilute phase. The
excess molar volume versus concentration of surfactant for the
coacervated phase exhibits a negative deviation from ideality [18].
The more negative values indicate that there were stronger in-
teractions between the solute and surfactant than the surfactant
and water [19]. The amount of water in the micellar phase is less
due to the strong interaction between solute and surfactant and
higher molecular aggregation in the coacervate phase. This
decrease in a mole fraction of water decreases the excess molar
volume [14]. The negative excess molar volumes indicate that a
more efﬁcient packing and/or attractive interaction occurred when
the solute and solvent liquids were mixed [18].
3.5. Effect of surfactant and solute concentration on cloud point
Table 3 shows the effect of surfactant concentration on cloud
point. Initially, CPT of a surfactant decrease sharply with increasing
surfactant concentration and then gradually increases with a
further increase in surfactant concentration, both of which repre-
sent typical clouding behaviors of nonionic polyethoxylated sur-
factants [19]. As the decrease in CPT with an increase in surfactant
concentration is due to increase in micellar concentration and the
phase separation results from the increased micellar interaction.
After 0.05 M surfactant concentration, the CPT starts increasing.
This is due to the structured water-surfactant system present in the
micelles which breaks at high surfactant concentrations. Even then
the molecules do not become free from the surfactant effect. Some
of thewater molecules are not attached to any individual micelle, in
particular, but to the micelle system, forming buffers between
micelles thereby decreasing micelleemicelle interaction. More
energy is required to remove these ‘free ﬂoating’ water molecules
and hence CPT increases with surfactant concentration. From
Table 3, it is clearly observed that CPT increases with an increase in
solute concentration. The increase in cloud point may be due to the
increased hydrophilic character of the surfactant micelle [20]. As
the solute concentration increases, it requires more heat for thecloud formation, i.e. for the interaction between solute and sur-
factant and to remove water molecules from the external layer of
micelle. Hence the cloud point increases with solute concentration.3.6. Effect concentration and operating temperature on phase
volume
The phase volume ratio, Rv, is deﬁned as the ratio with the
volume of the surfactant-rich phase (Vs) to that of the volume of the
aqueous phase (Vw).
Rv ¼ VsVw (2)
Table 4 shows the effect of surfactant and solute concentration
on the phase volume ratio at temperature 303 K. It is observed that
the phase volume ratio increases with an increase in surfactant
concentration as well as solute concentration at a particular oper-
ating temperature. The increase in the phase volume ratio with
surfactant concentration at a constant feed of dyemay be due to the
increased capability of the surfactant to solubilize the dye. At lower
concentration, surfactant molecules exist as monomers. In this
case, TX-114 less than or equal to 0.02M does not have the ability of
phase separation. At higher surfactant concentrations, micellar
interactionwill be more, and hence all the solutemolecules present
in the mixture are settled along with the surfactant in the coacer-
vate phase. As the concentration of surfactant increases, the volume
of coacervate phase also increases and ﬁnally decreases the volume
of dilute phase, which results in an increased phase volume ratio,
Rv.
At a particular operating temperature, the phase volume ratio
increases with solute concentration. It increases with an increase in
volume of surfactant-rich phase due to the large amount of sur-
factant in the solution. As the concentration of dye increases, the
amount of solutes available for the surfactant is also more. Hence
the phase volume ratio increases with dye concentration. However,
the phase volume ratio decreases with an increase in temperature
at constant dye concentration. As the operating temperature in-
creases, micellar interaction will be more, which leads to the
dehydration from external layers of micelles resulting in a reduc-
tion in volume of coacervate phase. Hence the phase volume ratio
decreases with operating temperature.3.7. Effect of concentration and operating temperature on pre
concentration
The pre concentration factor, fc, is deﬁned as the ratio with the
volume of bulk solution before phase separation (Vt) to that of the
surfactant-rich phase after phase separation (Vs).
Fig. 2. Effect of solute and surfactant concentration on distribution coefﬁcient at
303 K.
Fig. 3. Effect of operating temperature on distribution coefﬁcient at a solute concen-
tration of 25 ppm.
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From Table 4, It is noted that the pre-concentration factor de-
creases with an increase in surfactant concentration and solute
concentration. Because of the high solubility of solute shows the
decreasing pre-concentration factor due to increase in surfactant
concentration and decrease in solute concentration at a constant
operating temperature [10,11]. The pre concentration factor is an
indication of the ratio of solute concentration in feed to that in the
surfactant rich phase. For higher value of pre concentration factor,
the separation of solute will be lesser and vice versa (Tables 3 and
4). The pre concentration factor increases with temperature for a
deﬁnite concentration of solute. As the operating temperature in-
creases, the volume of coacervate phase decreases because of the
dehydration that occurs in surfactant rich phase. The feed volume
remains constant as 50 ml. Due to the reduction in volume of sur-
factant rich phase the pre concentration factor increases with
operating temperature.
3.8. Effect of concentration and operating temperature on
distribution coefﬁcient
The distribution coefﬁcient or equilibrium partition coefﬁcient,
Kd, is deﬁned as the ratio with the concentration of solute in
surfactant-rich phase (Cs) to the concentration of solute in dilute
phase (Cw).
Kd ¼
Cs
Cw
(4)
It is the measure of difference in solubility of a component in
two immiscible phases at equilibrium. If the distribution coefﬁcient
is higher, then phase separation will be very easy. The distribution
of solutes depends on the speciﬁc soluteesolvent interaction. If the
interaction is more, than the distribution coefﬁcient will be high.
From Fig. 2, the distribution coefﬁcient increases with surfactant
concentration, but decreases with solute concentration. As the
surfactant concentration increases, the system can extract more
solutes to the surfactant rich phase and thereby increases the
concentration of solute in coacervate phase for a constant feed dye
concentration. This increased solute concentration in coacervate
phase leads to the higher distribution coefﬁcient at higher TX-114
concentrations. At a particular concentration of surfactant, the
distribution coefﬁcient decreases with solute concentration due to
the increased water content in the coacervate phase. From Fig. 3, itis understood that the operating temperature has a great impact on
the distribution coefﬁcient. The distribution coefﬁcient increases
with operating temperature at a particular dye concentration. As
the temperature increases, micellar interaction, which was repul-
sive at lower temperatures, become attractive and hence micellar
aggregation number increases. This result in increased solubiliza-
tion of dye into the surfactant rich phase and thus increasing solute
concentration in coacervate phase, which leads to the higher dis-
tribution coefﬁcient [11,21].
3.9. Effect of concentration and operating temperature on
extraction efﬁciency
For cloud point extraction, the efﬁciency of extraction of dye is
deﬁned as the ratio with an amount of dye in coacervate phase to
that in feed. In other words, the recovery efﬁciency of solute, h, can
be characterized as the percentage of solute extracted from the bulk
solution into the surfactant-rich phase.
h ¼ C0Vt  CwðVt  VsÞ
C0Vt
 100 (5)
where, C0 is the initial concentration of solute in the micellar so-
lution; CW is the concentration of solute in dilute phase; Vt is the
total feed volume and Vs is the volume of surfactant rich phase. The
efﬁciency of extraction increases with surfactant concentration
[22], whereas it decreases with solute concentration. 95% efﬁciency
is obtained at 0.04 M concentration of surfactant (Fig. 4). Up to
0.04 M concentration of TX-114, the increase in efﬁciency is from 13
to 94%, and it is gradual after that (i.e.95e99%) for a particular
concentration of solute (75 ppm). As the concentration of surfac-
tant increases, the number of micelles for the process will also be
more, which results in better phase separation and thus increases
in efﬁciency [23]. Initially, at a particular temperature and con-
centration of surfactant, extraction efﬁciency of dye decreases with
solute concentration. But then the effect of solute on extraction
efﬁciency is very negligible because the maximum amount of so-
lute is extracted with that particular surfactant concentration, and
the efﬁciency reaches 99%. At lower concentrations of TX-114, more
dye molecules will be present in the dilute phase with an increase
in solute concentration and hence decrease the efﬁciency. 0.04 M
TX-114 may be considered as the optimal dose for efﬁcient CPE of
crystal violet dye up to 75 ppm. As shown in Fig. 5, the efﬁciency of
extraction increases with operating temperature. This is because of
the increased solubilization of dye resulting from increased
Fig. 4. Effect of solute and surfactant concentration on extraction efﬁciency at 303 K.
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temperature becomes insigniﬁcant after 0.03 M TX-114 concen-
trations due to the minimal and the gradual increase in efﬁciency.
At 25 ppm of solute concentration, 95% efﬁciency is attained for all
the operating temperatures.
3.10. Determination of thermodynamic properties
The thermodynamic properties give an idea of the feasibility of
the process. Thermodynamic data may be useful to establish the
possible mechanism for cloud point extraction of dyes. The ther-
modynamic parameters such as; DG0, DS0 and DH0 for the cloud
point extraction of Crystal Violet dyes using Triton X-114 are
calculated using the following equation.
log

qe
Ce

¼ DS
0
2:303R
 DH
0
2:303RT
(6)
DG0 ¼ DH0  TDS0 (7)
where T is the temperature in (K), qe/Ce is called the solubilization
afﬁnity, qe is the mole of dye solubilized per mole of non-ionic
surfactant, and Ce is the equilibrium concentration of dye (moles/
L) before the completion of two phases.Fig. 5. Effect of operating temperature on extraction efﬁciency for 25 ppm concen-
tration of crystal violet dye.qe ¼ Moles of dye extractedMoles of TX 114 used ¼
A
X
(8)
Moles of dye solubilized can be obtained from mass balance,
A ¼ V0C0  VdCw (9)
X ¼ CsV0 (10)
where, A is the moles of dye solubilized in the micelles, V0 and Vd
are the volume of the feed solution and that of the dilute phase
after CPE. Cs is the concentration of surfactant in the feed.
Log (qe/Ce) versus (1/T) graphs are plotted for various surfactant
concentrations of all concentrations of solute as shown in Fig. 6. All
the plots give a similar pattern of negative slope. Due to the in-
crease in qe and decrease in Ce with temperature, the solubilization
afﬁnity, i.e. qe/Ce also increases and thus the values for log (qe/Ce)
increases with temperature at a particular concentration of
surfactant.
DS0 and DH0 are obtained from a plot of log (qe/Ce) versus (1/T)
from Equation (5) and then DG0 is determined from Equation (6).
3.10.1. The change in enthalpy (DH0)
Enthalpy is a measure of total energy of a thermodynamic sys-
tem. The change in enthalpy of a system is equal to the sum of non-
mechanical work done on it, and the heat supplied to it. The vari-
ations of enthalpy change (DH0) during CPE of Crystal Violet at
different operating conditions are shown in Fig. 7. It may be seen
that the value of DH0 increases in the TX-114 concentration, but
decreases in the dye concentration. The positive value of DH0 in-
dicates that the solubilization of dye is endothermic in nature. The
endothermic nature is also indicated by the increase in the amount
of dye solubilization with temperature. The decrease in DH0 value
with increasing dyes concentration at a ﬁxed surfactant concen-
tration is because of a decrease in the amount of dye solubilization
per mole of surfactant [24].
3.10.2. The change in entropy (DS0)
Entropy is an extensive thermodynamic property that is the
measure of a system’s thermal energy per unit temperature that is
unavailable for doing useful work. The effect of a change in entropy
(DS0) is shown in Fig. 8. The Entropy changes are positive that re-
ﬂects a good afﬁnity of dye molecules towards surfactant micelles.
For all the studied systems, the change in entropy (DS0) increases
with surfactant concentration but decreases with dyeFig. 6. Plot of log (qe/Ce) versus 1/T for surfactant concentration of 0.02 M and solute
concentration of 50 ppm.
Fig. 7. Effect of solute and surfactant concentration on change in enthalpy.
Fig. 9. Effect of operating temperature and surfactant concentration on change of
Gibbs free energy at a solute concentration of 50 ppm.
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and free surfactant molecules within the CPE system. The increase
in DS0 value in surfactant concentration is due to the increase of the
free surfactant molecules in the dilute phase. On the other hand,
CMC of the surfactant molecule decreases with an increase in dye
concentration at a ﬁxed surfactant concentration. This reduces the
number of surfactant molecules in the dilute phase causing a
decrease in DS0 value.3.10.3. The change in Gibbs free energy (DG0)
The Gibbs-free energy is the maximum amount of non-
expansion work that can be extracted from a closed system; this
maximum can be attained only in a completely reversible system.
Variations of DG0 with temperature at different surfactant con-
centrations and at constant dye concentration are shown in Fig. 9.
The change in Gibbs-free energy gives negative values, which show
the spontaneity of the cloud point extraction for Crystal Violet. It
may be noted that the change in Gibbs-free energy increases line-
arly with temperature and decreases with TX-114 concentration.
The negative values of DG0 indicate that the dye solubilization
process is spontaneous and thermodynamically favorable. The in-
crease in negative values of DG0 with temperature implies the
greater the driving force of solubilization, which is conﬁrmed by
the greater extent of dye extraction with an increase in tempera-
ture. The decrease in DG0 value with the increase in surfactantFig. 8. Effect of solute and surfactant concentration on change in entropy.concentration is due to decrease in dye solubilization, which is the
moles dye solubilized per mole of surfactant.
The variations in change of Gibbs-free energy with temperature
at different solute concentration and at constant surfactant con-
centration are shown in Fig. 10. It is observed that the value of DG0
decreases with dye concentration at constant temperature and
surfactant concentration. This is due to the fact that with the in-
crease of dye concentration, the critical micellar concentration
values of surfactant in the dilute phase decreases, which results in
greater surfactant concentration in the coacervate phase and thus
decrease the amount of dye solubilization per mole of surfactant
micelle.
4. Conclusions
Experimental density, refractive index and viscosity data are
determined for pure components and two different phases ob-
tained through cloud point extraction of crystal violet using triton
X-114 as a nonionic surfactant at 318.15 K. The excess molar volume
of the diluted phase as well as coacervate phase was calculated
from measured data. All the physical properties of dilute phases,
which are studied for this work show that the dilute phase is
exactly similar to water. There is no color observed with the dilute
phase. All the three physical properties increase in the concentra-
tion of TX-114. The excess molar volume decreases with surfactantFig. 10. Effect of operating temperature and solute concentration on change of Gibbs
free energy at a surfactant concentration of 0.03 M.
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positive values of VmE in dilute phase indicate that the surfactant is
insufﬁcient to cause volume contraction, which means all the sur-
factant molecules are settled in coacervate phase along with the
solute. The negative value of VmE in the coacervate phase shows the
strong interaction and packing effect between solute and surfac-
tant. It can also be observed that the phase volume ratio and dis-
tribution coefﬁcient is inversely proportional to the pre
concentration factor, with an increase in surfactant concentration
and operating temperature. Even so, the distribution coefﬁcient
decreases with solute concentration. The concentration of solute
present in surfactant-rich phase increases with an increase in
operating temperature and surfactant concentration. The extrac-
tion efﬁciency increases with surfactant concentration and oper-
ating temperature whereas it decreases with solute concentration
up to 0.04 M TX-114. The change in enthalpy and entropy of
extraction increases with surfactant concentration but decreases
with solute concentration. The negative value of DG0 indicates that
extraction is spontaneous and thermodynamically favorable. The
extraction process is endothermic in nature, which is also proven
by the positive value of DH0. It was concluded that the removal of
dye from aqueous solution is more effective by cloud point
extraction with surfactant.
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Nomenclature
CPE cloud point extraction
CPT cloud point temperature
CV crystal violet
TX-114 triton X-114
BE binding energy
VE excess molar volume
xi moles of component i
Mi molecular weight of component i
ri density of component i g cm3
rmix Density of mixture in g cm3
Rv phase volume ratio
Vs volume of the surfactant-rich phase
Vw volume of the aqueous phase
fc pre concentration factor
Vt volume of bulk solution before phase separation
Vs surfactant-rich phase after phase separation
Kd distribution coefﬁcient
Cs the concentration of solute in surfactant-rich phase
Cw the concentration of solute in dilute phase
h efﬁciency of solute
C0 the initial concentration of solute in the micellar solution
CW the concentration of solute in dilute phase
DG0 change in Gibbs free energy
DS0 change in entropy
DH0 change in enthalpy
T temperature in K
qe the mole of dye solubilized per mole of non-ionic
surfactantCe the equilibrium concentration of dye (moles/L) before the
completion of two phases
A the moles of dye solubilized in the micelles
V0 the volume of the feed solution
Vd the dilute phase after CPE
Cs The concentration of surfactant in feed
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